Role of the extracellular amino terminus and first membrane-spanning helix of dopamine D1 and D5 receptors in shaping ligand selectivity and efficacy.
Transmembrane (TM) helices of human D1-like dopaminergic receptors (hD1R and hD5R) harbor the same residues implicated in ligand binding and activation of catecholamine G protein-coupled receptors (GPCRs). Yet, hD1R and hD5R naturally display the distinct functional properties shared by wild type and constitutively active mutant GPCRs, respectively. Interestingly, we show in the present study that a class of synthetic phenylbenzazepine agonists containing a methyl on the azepine ring exhibited lower affinity for the more constitutively activated hD5R. These results cannot be explained by the "allosteric ternary complex model" postulating a higher agonist affinity for constitutively active GPCRs. We have also explored the functional role of distinct extracellular amino terminus (NT) and TM1 regions of hD1R and hD5R using a chimerical approach. Of these two regions, our studies suggest that TM1 predominantly shapes D1-like ligand affinity and selectivity. Additionally, NT and TM1 of hD1R and hD5R play no role in receptor constitutive activity but differentially modulate dopamine-mediated responsiveness. The TM1 exchange mediated drastic changes in intrinsic efficacy and activity of phenylbenzazepine drugs displaying partial agonism at hD1R and hD5R. Phenylbenzazepines were converted into strong partial agonists or full agonists in cells expressing hD1R-TM1(D5) chimera while being switched from full agonists to partial agonists and partial agonists to antagonists in cells harboring hD5R-TM1(D1) chimera. TM1 exchange had no effect on antipsychotic-mediated inverse agonism. In summary, our study shows that NT and TM1 of D1-like receptors control ligand binding and agonist-induced activation, poising these regions as important structural determinants for catecholamine GPCR function.